To explore the effects of Na + /H + exchanger regulatory factor 1 (NHERF1) on the phosphorylation levels of Akt1, activity of gelatinase secreted by HUVECs, and expression and distribution of cytoskeleton inside Human Umbilical Vein Endothelial Cells (HUVECs), and to expound the molecular mechanism of NHERF1 to influence the proliferation, migration and angiogenesis of vascular endothelial cells. Methods To construct the recombinant eukaryotic expression plasmid of NHERF1 and stably transfect HUVEC line with recombinant plasmid respectively; the 3-4,5-Dimethyl-2-thiazolyl-2,5-diphenyl-2H-tetrazolium bromide (MTT) was used to assay the proliferation activity of HUVECs after verification with the Western blotting method; to adopt the scarification test to measure the migration activity of HUVECs; to apply the Matrigel method to detect the angiogenesis ability of NHERF1 in cells; to detect the effect of NHERF1 on the phosphorylation levels of Akt1 by Western blotting; to use the gelatin zymography analysis to test the activity of gelatinase secreted by HUVECs; to observe the distribution of cytoskeleton with the immunofluorescence. Results The cDNA fragments of the exogenous NHERF-1 transfected have been integrated into the genome; NHERF-1 can significantly inhibit the proliferation, migration and angiogenesis of HUVECs, obviously down-regulate the phosphorylation levels of Akt11, make HUVECs decrease the secretion of reduction proenzyme and active enzyme, and also influence the distribution of cytoskeleton in vascular endothelial cells, compared to the cells in the control group. Conclusion NHERF1 can inhibit proliferation, migration and angiogenesis of HUVECs, and the inhibiting mechanism might relate to adjustment of the phosphorylation levels of Akt11, regulation of the activity of gelatinase secreted by HUVECs, and influence on the distribution of microfilament cytoskeleton.
Abstract.Object
To explore the effects of Na + /H + exchanger regulatory factor 1 (NHERF1) on the phosphorylation levels of Akt1, activity of gelatinase secreted by HUVECs, and expression and distribution of cytoskeleton inside Human Umbilical Vein Endothelial Cells (HUVECs), and to expound the molecular mechanism of NHERF1 to influence the proliferation, migration and angiogenesis of vascular endothelial cells. Methods To construct the recombinant eukaryotic expression plasmid of NHERF1 and stably transfect HUVEC line with recombinant plasmid respectively; the 3-4,5-Dimethyl-2-thiazolyl-2,5-diphenyl-2H-tetrazolium bromide (MTT) was used to assay the proliferation activity of HUVECs after verification with the Western blotting method; to adopt the scarification test to measure the migration activity of HUVECs; to apply the Matrigel method to detect the angiogenesis ability of NHERF1 in cells; to detect the effect of NHERF1 on the phosphorylation levels of Akt1 by Western blotting; to use the gelatin zymography analysis to test the activity of gelatinase secreted by HUVECs; to observe the distribution of cytoskeleton with the immunofluorescence. Results The cDNA fragments of the exogenous NHERF-1 transfected have been integrated into the genome; NHERF-1 can significantly inhibit the proliferation, migration and angiogenesis of HUVECs, obviously down-regulate the phosphorylation levels of Akt11, make HUVECs decrease the secretion of reduction proenzyme and active enzyme, and also influence the distribution of cytoskeleton in vascular endothelial cells, compared to the cells in the control group.
Introduction
Angiogenesis refers to the process that new blood vessels grow from the existing blood vessels, and plays an important role in cell replication, wound healing, inflammatory response, and other processes. This process is strictly regulated and controlled, and any violation of the regulation mechanism may cause severe pathological changes, including rheumatic arthritis, psoriasis, and malignancy. Therefore, the abnormally active angiogenesis is an important condition of malignancy growth. Early in 1971, Folkman divided such growth process into two phases, i.e. non-vascular phase and vascular one. Vascularized tumor growth may accelerate and easily have metastasis. Tumor angiogenesis is a complex pathophysiological process, including proteases release by endothelial cells, matrix membrane degradation, migration and proliferation of endothelial cells, and lumen formation of endothelium cells. This process is regulated and controlled by various angiogenic factors (angiogenesis-promoting factor and angiogenesis-inhibitory factor) and related genes [2] . Inhibiting the formation of new vessels has become a new strategy for tumor treatment.
However, angiogenesis is a complex network regulation and control process, while the network balance between pro-angiogenic and anti-angiogenic factors has been proved to play a key role in different links. Therefore, the major direction of future research should focus on explaining the regulatory network of corneal neovascularization in different depths and breadths, seeking specific control points with key functions and further developing effective, safe and economic therapeutic plans.
There is no blood vessel in cornea itself, so any vessel found in the experiment can be treated as a new blood vessel. In this way, the interference of original vessels in other models can be avoided so as to truly reflect the process of angiogenesis [3] . In 1974, Folkman et al. applied this model to the research on tumor angiogenesis for the first time. In the early studies on tumor angiogenesis, a corneal neovascularization model of mice induced by suture for 5 days was established successfully. The expression of NHERF-1 (Na+/H+exchanger regulatory factor 1) showed significant up-regulation in the process of neovascularization according to the differential expression genes screened with gene expression profile chips in angiogenesis.
Widely distributing in tissues, NHERF1 is a protein containing 358 amino acids. Composed of two serial PDZ structural domains (PDZ-1 and PDZ-2) at the amino terminal and ERM structural domain at the carboxyl terminal, it is highly expressed in mammary gland, liver, bile duct, pancreas and salivary gland. A lot of studies on the protein-protein interaction among these three structural domains showed that NHERF1 can combine more than 30 proteins, including SYK [4] , PTEN [5] , PDGFR [5] [6] [7] , PLCβ, β-catenin, ERM family proteins [8, 9] , and etc. to regulate and integrate various signaling pathways.
The existing research results showed that NHERF1 plays a role in regulation of ion transporters, transportation and stabilization of transmembrane protein, and composition of apical microvillus structure in epithelium. In recent years, the studies on NHERF1 mainly focused on its ability to inhibit cancer, which may be realized by interaction with various cancer suppressor proteins (for example, phosphorylated tumor suppressor genes, moesin, tyrosine kinase, and etc.), enhancement of stability of tumor suppressor protein, and inhibition of carcinogenetic function by combining carcinogenetic proteins [4, 8, 9] . At present, no report on the role and mechanism of NHERF1 in tumor angiogenesis is available yet. In this study, the effects of NHERF-1 protein on the proliferation, migration and angiogenesis functions of human vascular endothelial cells and its possible molecular mechanism were researched by excessively expressing NHERF1 protein in HUVECs.
Materials and methods

Materials
HUVEC kindly sent by Cora-Jean S. Edgell from University of North Carolina, DMEM dry powder (Invitrogen Corporation, U.S.), penicillin sodium for injection (Harbin General Pharmaceutical Factory, China), streptomycin sulphate for injection (Shandong Lukang Pharmaceutical Co., Ltd., China), trypsin (Gibco Inc., U.S.), VN mouse anti-human monoclonal antibody (Santa Cruz Biotechnology Inc., U.S.), goat anti-mouse IgG antibody marked by horse radish peroxidase (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., China), mouse anti-GAP-DH antibody (Shanghai KangChen Bio-tech, China), Western Blot luminescence reagent (Thermo Fisher Scientific, U.S.), FITC-Phalloidin (phalloidin) (Sigma-Aldrich, U.S.), P-Akt11 anti-body and HA antibody (Cell Signaling Technology Inc. U.S.), and Akt11 antibody (Abcam, U.S.).
Construction of eukaryotic expression vector RNA was extracted from HUVECs and reversely transcribed into cDNA. The following primer was used to amplify the full-length sequence of NHERF1, and EcoRI and XhoI enzyme cutting sites were introduced into the both ends of the amplified sequence: forward: AGAGAATTCAGCGCGGACGCAGCGG; and reverse: CCGCTCGAGTCAGAGGTTGCTGAAGAGT. Then, the expression vector pBK-CMV-HA and full-length sequence of amplified NHERF1 were cut as cohesive terminus with EcoRI and XhoI enzyme. Cutting gel was recycled after gel electrophoresis to connect and transform escherichia coli DH5α for resistance screening. After positive clones were obtained, plasmid was extracted for sequencing. It was confirmed that the obtained pBK-CMV-HA-NHERF1 positive clones had correct sequence and reading frame.
Establishment and identification of stably transfected cell line HUVECs were cultured in an incubator with 5% CO 2 at 37 ℃ in the medium containing DMEM-F12 with 10% fetal bovine serum and 1% penicillin and streptomycin (Dulbecco's Modified Eagle Medium/F12). HUVECs were transfected by 2μg recombined plasmid DNA through mediating with liposome (Hifectin II). Resistant cell clone was obtained after screening with the selective medium in a concentration of 400μg/m1G418 (Geneticin, aminoglycoside of gentamicin) for 3-4 weeks. After digestion and separation, culture and passage were conducted with the maintenance medium of G418 (200μg/ml). The HUVEC line stably transfecting pBK-CMV-HA-NHERF1 was named as NHERF1-HUVEC, and that stably transfecting pBK-CMV-HA as HA-HUVEC. The two cells were inoculated in the 60mm cell culture dishes, respectively. After the cells adhered to the wall and the density grew to about 80%, total cellular protein was extracted, respectively. The content of interest protein in cells was measured with the Western blot method as follows: the expression level of exogenously transferred NHERF1 protein was detected by HA antibody, and the total expression levels of endogenic and exogenous NHERF1 protein in transfected and non-transfected cells were detected by NHERF1 antibody. Then, positive clone with the stable and excessive expression of exogenous NHERF1 was obtained by scanning and analyzing the results of the Western blot experiment with the Image J image analysis system.
Cell proliferation detected with the MTT method Two kinds of HUVECs after stable transfection were digested into cell suspension, respectively. Then, the cells were inoculated in 96-well plate in a concentration of 1×103 cells 200μl/well and cultured at 37℃. Three duplicated wells were selected from each group of cells every 24 hours, and 20ug of MTT was added to each of them for continuous 4-hour culture; then the nutrient solution was absorbed before 100ul of DMSO was added to measure absorbance at 492nm, at 37℃, for 10 minutes.
Cell migration detected by scarification Two kinds of HUVECs after stable transfection were inoculated in the 30mm culture dish, respectively. After the cell density increased to 100%, two groups of cells were scarified by 100ul micro pipette tip with the width of about 500um. After 2 times of PBS washing, the cells were added to serum-free mediums and cultured in an incubator for 16 hours, respectively. After scarifying and
Angiogenesis capability of cells detected by the Matrigel assay Matrigel was placed in a refrigerator at 4℃ for 2 hours to dissolve it completely. Then, Matrigel was added to the pre-cooled 48-well plate with 150ul per well at 37℃ for 1 hour so as to form gel. Two kinds of HUVECs after stable transfection were digested into cell suspension, respectively, and incubated in the 18-well plate with gel laying in the density of 70×10 6 cells/L. With 200μl suspension in each well, the plate was photographed after being cultured in an incubator for 12 hours. Then, 6 views were selected randomly to observe and calculate the quantity of the vessel lumens.
Western blot Two kinds of HUVECs after stable transfection were inoculated in the 60mm culture dish, respectively. After the cell density grew to 80%, total protein was extracted from each group of cells. Then, 20μl of cell lysis buffer was taken from each group and transferred to nitrocellulose membrane through 8% SDS-PAGE for 1-hour sealing. After incubation at 4℃ overnight, the primary antibody was coupled with the secondary antibody with horse radish peroxidase for 1 hour of reaction at room temperature. Then, coloration was conducted with the ECL method. The result of the Western blot experiment was scanned and analyzed with the Image J image analysis system.
Gelatin zymography assay The activity of MMP-2 and MMP-9 was detected with 8% SDS-PAGE containing 0.1% gelatin. 20μl of the nutrient solution after 48-hour serum-free culture was taken from each group for electrophoresis at a 120V constant voltage for 2~2.5 hours. After the gel was rinsed with 2.5% TritonX-100 for three times, the reaction buffer (pH 7.6, 50mmol/L Tris-HCL, 10mmol/L CaCl2, 50mmol/L NaCl, and 0.05% Brij35) was added to incubate at 37℃for 17 hours. Then, staining was conducted with 0.5% Coomassie brilliant blue for 1.5~2 hours, and decoloration was conducted with the destainer (10% acetic acid-40% methyl alcohol) until white strip was clear on the blue background. The experiment result was scanned and analyzed with the Image J image analysis system.
Changes in cell microfilament cytoskeleton (F-actin) observed with the immunofluorescence method Fluorescent staining was directly conducted upon the microfilament with the phalloidine fluorescence probe (FITC-Phalloidin). The specific steps are as follows: Two kinds of HUCECs after stable transfection were inoculated in a culture dish with glass bottom until the density was up to 50%, respectively. Then, the cells were washed with PBS for three times. The cells were fixed with 4% neutral paraformaldehyde at room temperature for 15min, and then washed with PBS for three times. The cells were processed with 0.1% Triton X-100 for 5min, and then washed with PBS for three times. FITC-Phalloidin diluted by 1:200 was added dropwise. Then, the cells were kept out of light at room temperature in a wet box for 30min and washed with PBS for three times. The cell climbing sheet after staining was observed under the confocal laser scanning microscope (Eclipse TE2000-U, Nikon, Tokyo, Japan).
Statistical analysis The SPSS13.0 statistic software was used to conduct statistical analysis on the data. All the experiment data were expressed as mean ± standard deviation, and all the experiments were repeated for 3 times. A homogeneity test of variances was conducted to each sample firstly. Then, the growth curve measurement was analyzed by repeated measurement in T-test, while the data of other experiments were compared with the t-test of independent samples. P<0.05 meant that the difference was statistically significant.
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Results
Expression of endogenous NHERF-1 in HUVECs
The expression of endogenous HHERF-1 in HUVECs was detected by RT-PCR as shown in Fig.  1 . 
Discussion
As a multi-functional ligandin with the potential of inhibiting cancer found recently [10] , NHERF1 plays a very important role in cell growth, chemotaxis and migration [5-7, 9, 11-15] . Simoncini T et al. [16] have detected the expression of NHERF1 in HUVECs and speculated that it might play a certain role in angiogenesis. Song GJ et al. [17] found that NHERF1 is only expressed in normal vascular endothelial cells, but almost not in vascular smooth muscle cells. After damage, however, the expression of NHERF1 significantly increased in vascular smooth muscle cells. Particularly, the expression of NHERF1 in cells with new endangium significantly increased in the process of angiogenesis. All of these studies showed that NHERF1 may play an important role in angiogenesis.
The results of early studies have shown that NHERF1 is one of genes with significant up-regulation of expression in angiogenesis. Up to now, it has been found that only estrogen can activate the NHERF1 expression in cells. However, further studies are still required on the role and Advances in Engineering Research, volume 122 mechanism of NHERF1 in angiogenesis. We have found from the research that NHERF1 can significantly inhibit the proliferation, migration, and angiogenesis capability of HUVECs.
Phosphatidylinositol 3-kinase (PI3Ks) signals participate in the adjustment of various cellular functions, including proliferation, differentiation, apoptosis, and glucose transport. In recent years, the signal path composed of IA-type PI3K and other downstream molecular protein kinase B (PKB or Akt1) is closely related to the growth and development of human cancers. This path can adjust the proliferation and survival of cancer cells. Its activity abnormality may not only cause malignant transformation of cells, but also be related to the migration, adherence, tumor angiogenesis, and degradation of extracellular matrix [18] [19] [20] [21] [22] [23] [24] . Nowadays, the treatment strategy targeting at key molecules on the PI3K-Akt1 signal path is being developed. Some of the current studies showed that in certain cancer cells, NHERF1 plays a role of negative regulation over the Akt11 signal path.
The MMP family is closely related to cells' migration and proliferation [25] [26] [27] . As one of the MMP family members, Gelatinase includes gelatinase A (MMP-2) and gelatinase B (MMP-9). Both kinds of gelatinase are secreted in the form of zymogen and have the molecular weight of 72kD and 92kD (or 95kD), respectively. After activation, the molecular weight of MMP-2 may be 68kD, 66kD or 62kD, while that of MMP-9 may be 88kD or 85kD. The substrate of gelatinase includes gelatin, collagen IV, V, VII, and X, as well as fibronectin. In vivo, gelatinase can degrade collagen IV, one of the major structural components of basilar membrane, playing a crucial role in the penetration and metastasis of cancer cells through extracellular matrix (ECM) [28, 29] . Therefore, this gelatinase is closely related to the growth and development of cancer.
Cytoskeleton is a network system composed of intracellular protein, including microtubule, microfilament, and intermediate filament. As the major structure regulating cell adherence, extension and morphology, microfilament plays an important role in multiple functions of cells, including proliferation. Moreover, microfilament is also the member with the closest relationship with the apoptosis signal molecules in cytoskeleton. Microfilament cytoskeleton may recombine in cellular differentiation and movement, and play a role of mediating extracellular signal molecules [30] [31] [32] [4, 6, 7] . Phalloidin can specifically bind F-actin, the major component of stress fiber in microfilament cytoskeleton, so the dynamic changes of F-actin in cells can be observed clearly under a laser scanning confocal microscope [33] . In order to further study the mechanism of NHERF1 in significant inhibition of proliferation and migration of HUVECs, we detected the effects of NHERF1 on the Akt1 signal path, the activity of collagenase IV and microfilament cytoskeleton, and the results showed that NHERF1 can significantly down-regulate the phosphorylation levels of Akt1, reduce gelatinase and active enzyme secreted by HUVECs, and change the microfilament structure in cells. In conclusion, NHERF-1 can inhibit the proliferation and migration of HUVECs, and this may be related to its regulation over the phosphorylation levels of Akt1, control over the activity of gelatinase secreted by cells and the effect on the distribution of microfilament cytoskeleton. 
